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ABSTRACT 

Background: Evidence suggests that Ser326Cys, a genetic polymorphism of human 8-oxoguanine glycosylase 1 
QiOGGl), is associated with insuhn resistance and type 2 diabetes; however, the underlying mechanism is unclear. 
Recently, an animal study showed a significant association between the hOGGl genotype and obesity, although 
evidence for such an association in humans is limited. The purpose of this study was to examine the association 
between the hOGGl genotype and body mass index (BMI) and fasting blood glucose (FBG) levels. 
Methods: Cross-sectional analysis was conducted using the baseline survey data from a Japan Multi-Institutional 
Collaborative Cohort Study, which included 1793 participants aged 40-69 years. The hOGGl polymorphism was 
detected using a multiplex polymerase chain reaction-based invader assay. Multiple linear regression, analysis of 
covariance, and logistic regression were used to control for confounding variables. 

Results: The Cys allele was significantly associated with increased BMI, FBG level, and total cholesterol (TC) 
level, even after adjustment for gender, age, energy intake, alcohol, smoking, physical activity, and family history of 
diabetes. An association with BMI was still observed after further adjustment for FBG and TC, but not for the study 
area (Amami or the mainland). The Cys/Cys genotype was significantly more prevalent in the participants with 
higher BMI (>27.5 kg/m^). However, the impact of genotype decreased and significance disappeared after adjusting 
for the study area. 

Conclusions: The present results suggest that the study area being inside Japan confounds the association between 
hOGGl genotype and obesity. 

Key words: human 8-oxoguanine glycosylase 1 (hOGGl); obesity; body mass index (BMI); fasting blood glucose 
(FBG); polymorphism; study area 
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Influence of Study Area on the Association of hOGG1 Ser326Cys With Obesity 



INTRODUCTION 

Reactive oxygen species (ROS) are known to play an essential 
role in the pathogenesis of diabetes.' Several studies have 
reported that oxidative stress associated with insulin 
resistance, p cell dysfunction, impaired glucose tolerance, 
and mitochondrial dysfimction can ultimately lead to the 
diabetes disease state.^"^ ROS also cause strand breaks and 
base modifications in DNA, including the oxidation of 
guanine residues to 8-hydroxy-2'-deoxyguanine (8-OHdG). 
These ROS-induced mutations alter the function of various 
genes and influence the pathogenesis of several diseases, such 
as cancer, cardiovascular disease, neurodegenerative diseases, 
and diabetes.' Base-excision repair (BER) plays an important 
role in preventing such disease, and human 8-oxoguanine 
glycosylase 1 (hOGGl) is one of the key glycosylases 
involved in the BER system.^ The Ser326Cys polymorphism 
of the highly polymorphic OGGl gene has been studied 
the most because this pol5miorphism is associated with 
functional differences in enzyme activity^ and loss of 
function.'' However, most epidemiological studies of this 
polymorphism have focused on cancer susceptibility.^"'^ 

In the past decade, several studies have reported that the 
Ser326Cys hOGGl polymorphism is associated with insulin 
resistance'^ and type 2 diabetes'"'"'^; however, the underlying 
mechanism has not been elucidated. Obesity-associated 
insulin resistance is a major risk factor for type 2 diabetes,"* 
and fat accumulation has been reported to be associated with 
systemic oxidative stress'^'^"; therefore, it may be possible to 
assess the risk of diabetes based on the association between 
the Ser326Cys hOGGl polymorphism and body mass index 
(BMI). Recently, an animal study found that hOGGl 
deficiency alters cellular substrate metabolism, which favors 
a sparing phenotype and increased susceptibility to obesity^'; 
however, evidence for such association between hOGGl 
polymorphism and BMI in humans is limited.'"' 

The purpose of this study was to determine whether the 
hOGGl Cys allele is associated with BMI and fasting glucose 
level. We also studied whether this association is modified by 
the effects of other factors. 

METHODS 

Study participants 

The purpose of the Japan Multi-Institutional Collaborative 
Cohort (J-MICC) Study is to confirm and detect gene- 
environment interactions for lifestyle-related diseases using a 
large genome cohort, as previously described.^^ Briefly, the J- 
MICC Study, which was initiated in 2005, included volunteers 
aged 35-69 years from 10 areas of Japan; Chiba, Shizuoka, 
Okazaki, Aichi, Takashima and Kyoto, which are located 
in Honshu Island; Tokushima, which is located in Shikoku 
Island; Fukuoka and Saga, which are located in Kyushu 
Island; and Amami, which is located 380 km southwest of 



Kyushu Island. Throughout this paper, we refer to Honshu 
Island, Shikoku Island, and Kyushu Island as "the mainland". 
In this cross-sectional study, data from 4512 participants 
throughout these areas were collected during the period of 
2005-2008.^^ Written informed consent was obtained from all 
participants. The study protocol was approved by the Nagoya 
University School of Medicine ethics committees and other 
participating institutions. 

Questionnaire and measurements 

A self-administered questionnaire was used to collect data 
on alcohol consumption, smoking, dietary habits, physical 
activity, current medication, disease history, and first- 
degree family history of diabetes. Details of the dietary 
assessment and estimation of physical activity were reported 
elsewhere. ^''"^^ 

Height and weight were measured to the nearest 0.1 cm and 
0. 1 kg, respectively. Body mass index (BMI) was calculated as 
the weight in kilograms divided by the square of the height in 
meters (kg/m^). We defined a BMI of >27.5 kg/m^ as obese; 
increased mortality has been reported above this point among 
East Asians.^^ The HbAlc (%) and fasting blood glucose 
(FBG), triglyceride, total cholesterol, and HDL cholesterol 
levels were measured in laboratories in each study area, and 
the results of these measurements were collected. The HbAlc 
(%) value was converted from the Japan Diabetes Society 
(JDS) to the National Glycohemoglobin Standardization 
Program (NGSP) by using the following equation published 
by the JDS: NGSP (%) = 1.02 x jDS (%) + 0.25%.^^ 

Genotyping 

Genotyping was performed as described previously.^^ Single 
nucleotide polymorphisms, including the hOGGl Ser326Cys 
(rs 1052 133), were genotyped using a multiplex poly- 
merase chain reaction-based Invader assay (Third Wave 
Technologies, Madison, WI, USA)^" at the Laboratory for 
Genotyping Development, Center for Genomic Medicine, 
RIKEN. 

Statistical analysis 

In the analysis, we excluded 2719 participants based on 
any of the following conditions: missing data of hOGGl 
polymorphism («=11); missing FBG (« = 2627) data; 
taking type 2 diabetes medication (« = 89); or a dietary 
energy intake greater than 4000 kcal/day (n = 2). 
Consequently, data for 976 men and 817 women aged 
35-69 years were retained for analysis. Among these 
participants, data on alcohol consumption (17 men and 23 
women) or physical activity (5 men and 5 women) were 
missing for some participants. 

All analyses were performed with the SAS statistical 
software package (Ver. 9.3 for Windows; SAS Institute, Cary, 
NC, USA). A P value of less than 0.05 was considered 
statistically significant. 



J Epidemiol 2014;24(5):379-384 



Hara M, et al. 

Table 1. Characteristics according to the hOGG1 Ser326Cys genotype among 1793 subjects 



381 



Ser/Ser Ser/Cys Cys/Cys P 



n {%) n= 1793 


365 


(20.4) 


866 


(48.3) 


562 


(31.3) 




Gender, women (%) 


180 


(49.3) 


393 


(45.4) 


244 


(43.4) 


0.209 


Age (y) (SD) 


55.0 


(8.6) 


54.5 


(8.9) 


55.1 


(8.7) 


0.354 


Study area, Amami area (%) 


60 


(16.4) 


185 


(21.4) 


204 


(36.3) 


<0.001 


Total energy intake (kcal/d) (SD) 


1729.7 


(348.4) 


1752.9 


(371.6) 


1730.0 


(376.3) 


0.406 


BMI (kg/m^) (SD) 


23.2 


(3.0) 


23.2 


(3.3) 


23.7 


(3.5) 


0.021 


Physical activity level (IVIETs-h) (SD) 


13.6 


(12.1) 


14.7 


(13.9) 


15.5 


(14.9) 


0.775 


Current alcohol drinkers, n (%) 


192 


(53.6) 


485 


(57.2) 


333 


(60.9) 


0.001 


Current smoking, n (%) 


63 


(17.3) 


155 


(17.9) 


98 


(17.4) 


0.981 


Family history of diabetes, n (%) 


58 


(15.9) 


142 


(16.4) 


85 


(15.1) 


0.451 


HbA1c (NGSP) (%) 


5.61 


(0.55) 


5.54 


(0.44) 


5.58 


(0.46) 


0.199 


FBG (mg/dL) (SD) 


96.9 


(13.3) 


96.6 


(14.6) 


99.4 


(16.9) 


<0.001 


TG (mg/dL) (SD) 


110.8 


(69.1) 


114.0 


(80.9) 


116.7 


(82.4) 


0.368 


TO (mg/dL) (SD) 


207.1 


(33.0) 


210.9 


(34.0) 


212.3 


(34.2) 


0.077 


HDL-C (mg/dL) (SD) 


64.7 


(16.5) 


64.1 


(16.4) 


63.3 


(16.5) 


0.278 



BIVII, body mass index; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol. 
P values for Chi-square test or Kruskal-Wallis test. 



To compare the characteristics of participants according to 
the hOGGl genotype, we used the Kruskal-WaUis test for 
continuous variables and tests for categorical variables. 
Adjusted means and their 95% confidence intervals (CIs) 
of BMI, FBG, and total cholesterol according to hOGGl 
genotype were evaluated by least-squares general linear 
regression, and linear trends were assessed by the statistical 
significance of the regression coefficient of an ordinal variable 
for the factor under the following considerations: gender; age 
(continuous); energy intake (continuous); physical activity 
level (continuous); alcohol consumption status (never, former, 
or current drinker consuming 0.1-22.9, 23.0-45.9, or >46.0g 
ethanol/day); smoking status (never, former, or current smoker 
of 1-19, 20-39, or >40 cigarettes/day); first-degree family 
history of diabetes (positive, negative, or unknown); study 
area (Amami or the mainland); BMI (continuous, for the 
evaluation of FBG and total cholesterol); FBG (continuous, 
for BMI and total cholesterol); and total cholesterol 
(continuous, for BMI and FBG). Odds ratios (ORs) and 
95% CIs of hOGGl genotype for excessive BMI (>27.5 
kg/m^) were estimated using logistic regression models 
adjusted for potential confounders (age, BMI, energy intake, 
alcohol consumption, smoking, physical activity, family 
history of diabetes, and study area). 



alcohol drinkers (P< 0.001). TC level tended to be higher 
in Cys allele carriers, although this difference was not 
statistically significant {P = 0.077). 

After adjusting for possible confounding factors, such as 
gender, age, energy intake, physical activity level, ethanol 
intake, smoking, and family history of diabetes, the Cys allele 
was found to be significantly associated with higher BMI, 
FBG, and TC levels in a dose-dependent manner (all P < 0.05, 
Table 2, Model 2). The association with BMI was still 
significant after further adjustment for FBG and TC {P = 0.02, 
Model 3). However, the significance disappeared after 
adjusting for study area (P= 0.23, Model 4). 

Data for the evaluation of the association between obesity 
(BMI > 27.5 kg/m^) and hOGGl genotype using logistic 
regression analysis are shown in Table 3. The prevalence of 
obesity in the Cys/Cys genotype was significantly greater after 
adjusting for gender, age, energy intake, physical activity 
level, ethanol intake, smoking, family history of diabetes, 
FBG, and TC (Model 3). Although Cys allele carriers tended 
to have a higher proportion of obesity, the significance of 
this association disappeared after adjusting for the study area 
(Model 4). The OR of the Amami area for obesity was 2.44 
(95% CI 1.67-3.56), which was greater than that of the 
hOGGl genotype. 



RESULTS 

The characteristics of study participants according to the 
hOGGl Ser326Cys genotype are shown in Table 1. The 

genotype distributions of the hOGGl Ser326Cys gene among 
all participants followed the Hardy-Weinberg equilibrium 
(X^ = 0.51 1, P = 0.475). Genotype frequency was significantly 
different in the Amami area (/'< 0.001). The Cys allele 
carriers had significantly higher mean BMI (/"= 0.021) and 
FBG (P < 0.001) levels, and a higher proportion were current 



DISCUSSION 

In this cross-sectional study, we observed significant 
associations between the hOGGl Cys/Cys genotype and 

higher BMI and incidence of obesity, after adjustment for 
possible confounding factors other than the study area. 
After adjusting for study area, however, this significance 
disappeared, suggesting that study area is a confounding 
factor. Despite this lack of association, Cys allele carriers 
tended to have a higher proportion of obesity than Ser/Ser. 
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Table 2. 



Influence of Study Area on the Association of hOGG1 Ser326Cys With Obesity 
Adjusted means of BMI, FBG, and TC according to hOGG1 Ser326Cys genotype 



Ser/Ser Ser/Cys Cys/Cys 

P for trend 

Mean 95% CI Mean 95% CI Mean 95% CI 



Model V 



BMI (kg/m^) 


23.2 


(22.8-23.5) 


23.2 


(23.0-23.4) 


23.7 


(23.4-24.0) 


0.013 


FBG (mg/dL) 


97.1 


(95.6-98.6) 


96.6 


(95.6-97.6) 


99.2 


(98.0-100.4) 


0.013 


TC (mg/dL) 


206.6 


(203.2-210.0) 


210.9 


(208.6-213.1) 


212 


(209.5-215.0) 


0.025 


Model 2" 
















BMI (kg/m^) 


23.2 


(22.9-23.5) 


23.2 


(23.0-23.4) 


23.7 


(23.4-24.0) 


0.018 


FBG (mg/dL) 


97.3 


(95.8-98.8) 


96.3 


(95.4-97.2) 


99.1 


(97.9-100.2) 


0.025 


TC (mg/dL) 


207.0 


(203.5-210.4) 


210.8 


(208.5-213.0) 


212 


(209.1-214.6) 


0.040 


Model 3= 
















BMI (kg/m^) 


23.2 


(22.8-23.5) 


23.3 


(23.1-23.5) 


23.6 


(23.4-23.9) 


0.020 


FBG (mg/dL) 


97.7 


(96.4-99.1) 


96.6 


(95.7-97.5) 


98.4 


(97.3-99.5) 


0.260 


TC (mg/dL) 


207.1 


(203.6-210.5) 


211.0 


(208.7-213.2) 


212 


(208.7-214.3) 


0.071 


Model A'' 
















BMI (kg/m^) 


23.3 


(22.9-23.6) 


23.3 


(23.1-23.5) 


23.5 


(23.2-23.8) 


0.230 


FBG (mg/dL) 


98.1 


(96.7-99.4) 


96.7 


(95.8-97.6) 


98.1 


(97.0-99.2) 


0.769 


TC (mg/dL) 


207.1 


(203.7-210.6) 


211.0 


(208.7-213.2) 


211 


(208.6-214.3) 


0.078 



BMI, body mass index; CI, confidence interval; FBG, fasting blood glucose; TC, total cholesterol. 
^Adjusted for gender and age (continuous). 

''Adjusted for Model 1 and further adjusted for energy intake (continuous), physical activity level (continuous), ethanol intake (never, former, or 
current drinker consuming 0.1-22.9, 23.0-45.9, or >46g ethanol/day), smoking (never, former, or current smoker of 1-19, 20-39, orS40 cigarettes/ 
day), and family history of diabetes (positive, negative, or unknown). 

■^Adjusted for all variables in Model 2 and further adjusted for BMI (for FBG and TC), FBG (for BMI and TC), and TC (for BMI and FBG). 
''Adjusted for all variables in Model 3 and further adjusted for the study area (Amami or the mainland). 



Table 3. Odds ratios and 95% CIs for obesity (BMI > 27.5 kg/m^) according to hOGGI Ser326Cys genotype among 1793 subjects 



BMI 
(kg/m2) 


>27.5 
n 


S27.5 
n 




Model 1^ 




Model 2" 




Model 3'= 




Model 4" 


OR 


95% CI 


OR 


95% CI 


OR 


95% CI 


OR 


95% CI 


Ser/Ser 


24 


341 


1.00 


reference 


1.00 


reference 


1.00 


reference 


1.00 


reference 


Ser/Cys 


84 


782 


1.50 


(0.94-2.41) 


1.44 


(0.90-2.32) 


1.55 


(0.94-2.57) 


1.45 


(0.87-2.41) 


Cys/Cys 


62 


500 


1.77 


(1.08-2.90) 


1.74 


(1.06-2.86) 


1.74 


(1.03-2.94) 


1.46 


(0.86-2.48) 



P,rend = 0.026 P,rend = 0.029 P,rend = 0.049 P,rend = 0.225 



BMI, body mass index; CI, confidence interval; OR, odds ratio. 
^Adjusted for gender and age (continuous). 

''Adjusted for Model 1 and further adjusted for energy intake (continuous), physical activity level (continuous), ethanol intake (never, former, or 
current drinker consuming 0.1-22.9, 23.0-45.9, or >46g ethanol/d), smoking (never, former, or current smoker of 1-19, 20-39, or 240 cigarettes/d), 
and family history of diabetes (positive, negative, or unknown). 
•^Adjusted for all variables in Model 2 and further adjusted for FBG and TC. 

''Adjusted for all variables in Model 3 and further adjusted for the study area (Amami or the mainland). 



Several epidemiological studies have examined the 
associations between the Ser326Cys hOGGl polymorphism 
and insulin resistance'^ and type 2 diabetes. '''"'^ Wang et al 
reported that the Cys/Cys variant significantly decreases 
insulin sensitivity, even after adjustment for possible 
confounders, including BMI, among the Taiwanese.'^ Three 
studies detected significant association between Ser326Cys 
hOGGl polymorphism and diabetes. '''''^''^ Specifically, 
Daimon et al reported that decreased insulin secretion is 
associated with being a Cys allele carrier, measured by 
homeostatic model assessment beta cell function (HOMA-P) 
in a Japanese population, while Goniil et al reported a 
significant association between the Cys allele and insulin 
resistance in a Turkish population, measured by HOMA-R.'^ 



On the other hand, one case-control study conducted in a 
Polish population failed to detect an association between this 
polymorphism and diabetes'^ due to limited sample size. 
Regarding obesity, an animal study showed significant 
association between the hOGGl genotype and obesity,^' and 
one epidemiological study reported a positive association 
between BMI and this polymorphism.''' Our study showed no 
evidence of an association between this polymorphism and 
increased BMI and FBG. 

In the present study, the study area had a significant impact 
on the prevalence of obesity. Among the studies reporting 
genetic differences between the Amami and the mainland 
populations,^^'^''^^ two used data from the J-MICC study.^^'^^ 
Nishiyama et al found a low but significant level of genetic 
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differentiation between the mainland population and the 
population of the Amami Islands,^^ while Wakai et al 
reported that some polymorphisms showed a substantial 
difference in minor allele frequency among the participating 
cohorts. They proposed that genetic variation among the 
study areas should be considered when analyzing the data 
from the J-MICC study. According to the Japanese Single 
Nucleotide Polymorphisms (JSNP) database, the frequency 
of hOGGl genotypes of Ser/Ser, Ser/Cys, and Cys/Cys 
was reported for 18%, 59%, and 23% of participants, 
respectively.^^ In this study, the genotype frequency of Ser/ 
Ser, Ser/Cys, and Cys/Cys polymorphisms in mainland Japan 
was 22.7%, 50.7%, and 26.6%, while those on Amami Island 
were 13.4%, 41.2%, and 45.4%, respectively. We found that 
the variation in the hOGGl genotype Cys/Cys frequency 
between the Amami and the mainland could lead to a false- 
positive result if the study area was not considered. This is 
known as confounding by population stratification,^^ which 
needs to be carefully considered in genetic epidemiology, 
even in the relatively homogeneous Japanese population. 
A significantly higher BMI in the Amami area may reflect 
population differences in genetic or environmental factors; 
therefore, fiarther investigation is needed. 

This study has several methodological limitations. First, 
the cross-sectional nature of our study limits our ability to 
determine causation, even though we excluded participants 
who were on medication for type 2 diabetes. In addition, we 
did not have appropriate replication data accompanying this 
study. Second, although measuring fat accumulation using 
computed tomography scans or echograms is ideal, we used 
BMI to evaluate obesity. Misclassification of obesity may 
have therefore occurred; however, misclassification of obesity 
would be expected to lower estimations for the association. 
Third, there may be intrinsic information bias in our 
assessments of lifestyle-related factors, such as dietary and 
family history. However, if any misclassification were present, 
it would be non-differential by the hOGGl genotype and 
would likely underestimate the true associations. Finally, 
although we adjusted for potential confounding factors in the 
multivariate analysis, residual confounding factors by known 
or unknown risk factors may have been present. 

In conclusion, these results suggest that the hOGGl Ser/ 
Cys genotype may have some influence on obesity, although 
its contribution is smaller than the influence of the study area. 
While our study found no associations of this genotype with 
BMI or FBG levels, we did find evidence of confounding by 
population stratification for these associations. This report 
may provide important information for genetic association 
analysis in the Japanese population. 

ONLINE ONLY MATERIAL 

Abstract in Japanese. 
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